[1] In this study we examined the spatial and temporal variability of particulate organic 9 material (POM) off Oregon during the upwelling season. High-resolution vertical profiling 10 of beam attenuation was conducted along two cross-shelf transects. One transect was 11 located in a region where the shelf is relatively uniform and narrow (off Cascade Head 12 (CH)); the second transect was located in a region where the shelf is shallow and wide (off 13 Cape Perpetua (CP)). In addition, water samples were collected for direct analysis of 14 chlorophyll, particulate organic carbon (POC), and particulate organic nitrogen (PON). 15 Beam attenuation was highly correlated with POC and PON. Striking differences in 16 distribution patterns and characteristics of POM were observed between CH and CP. Off 17 CH, elevated concentrations of chlorophyll and POC were restricted to the inner shelf and 18 were highly variable in time. The magnitude of the observed short-term temporal 19 variability was of the same order as that of the seasonal variability reported in previous 20 studies. Elevated concentrations of nondegraded chlorophyll and POM were observed 21 near the bottom. Downwelling and rapid sinking are two mechanisms by which 22 phytoplankton cells can be delivered to the bottom before being degraded. POM may be 23 then transported across the shelf via the benthic nepheloid layer. Along the CP transect, 24 concentrations of POM were generally higher than they were along the CH transect 25 and extended farther across the shelf. Characteristics of surface POM, namely, C:N ratios 26 and carbon:chlorophyll ratios, differed between the two sites. These differences can be 27 attributed to differences in shelf circulation. however, is on temporal scales of a few days and spatial 64 scales on the order of tens of kilometers [Smith, 1995] . 
97
[5] Upwelling off Oregon is a seasonal phenomenon. 98 Southward upwelling favorable winds prevail from April 99 through September [Smith, 1974] . Periods of upwelling 100 typically last 3 -7 days, followed by a period of relaxation 101 during which the wind direction is often reversed. Major 102 hydrodynamics features of the Oregon upwelling region 103 have been studied extensively and are described by Halpern 104 [1976] , Huyer [1983] , and Smith [1995] , among others. In 105 general, during periods of upwelling favorable winds, the 106 surface Ekman layer (roughly 20 m deep) is being trans-107 ported offshore, and subsurface water upwells near the 108 coast. The rise of isopycnals to the surface results in a 109 formation of a front that marks the boundary between the 110 recently upwelled cold, nutrient-rich water inshore and 111 warmer, nutrient-poor oceanic surface water. The front typ-112 ically forms near the shore and then moves offshore as wind 113 forcing continues. Strong gradients in biological and optical 114 properties are often associated with the front [Zaneveld and 115 Pak, 1979; Small and Menzies, 1981] . During relaxation, 116 when wind ceases or changes direction, the front retreats 117 shoreward. The main features of the alongshore velocity field 118 include an equatorward current (jet) at the surface and a 119 slower poleward undercurrent along the bottom. Alongshore 120 velocities are typically an order of magnitude larger than 121 cross-shelf velocities.
122
[6] Organic particles in the coastal water of Oregon 123 originate from two main sources: rivers, with the Columbia 124 River as a major source, and in situ production. In situ 125 production of particulate organic carbon and nitrogen is 126 particularly significant during the upwelling season [Hill 127 and Wheeler, 2002] . Information on distribution patterns 128 and the characteristics of these particles is limited. Small et it is difficult to assess seasonal and interannual patterns in a 140 highly patchy environment that is sampled sporadically, 141 since large short-term variability can mask seasonal or 142 interannual variability.
143
[7] The study by Small et al. [1989] focused on only one [Kulm, 1977] 230 remained stable during the cruise. The instrument's win-231 dows were cleaned daily.
232
[13] Discrete water samples for chemical analysis of 233 chlorophyll, POC, and PON were collected from fixed 234 stations at inshore and midshelf locations along each of 235 the transects (Figure 1 ). The pump was maintained at fixed 236 depths while water was pumped into the laboratory aboard 237 the ship and collected in acid-washed 20-L carboys. Each 238 carboy was gently mixed, and triplicate samples were drawn 239 for the analysis of chlorophyll a, POC, and PON. Note that 240 our use of the pump to deliver seawater to the laboratory 241 should not be confused with in situ large-volume filtration 242 systems that have been developed as an alternative approach 243 for POC measurements (see review by Gardner et al. 244 [2003] 
272
[16] Regression analysis was used to examine the rela-273 tionships between chemical (POC and PON) and optical 274 (beam attenuation) measurements. Since both types of 275 measurements are subjected to errors, we used model II 276 linear regression (i.e., slope of line is determined by 277 regressing Y on X and X on Y). There are several approaches 278 for the model II linear regression; none appear to be without 279 a bias [Laws, 1977] . Here we used the least squares bisector 280 approach [Sprent and Dolby, 1980] ; the slope of line is 281 determined by bisecting the minor angle between the two 282 regressions. We compared our results to the geometric mean 283 approach, and no significant differences were found be-284 tween the two methods. 
344
Thus we use beam attenuation to infer POC distributions. (Figure 2 ). Alongshore currents were 366 predominantly southward or weakly northward, over the 367 inner shelf and were southward at the surface over the 368 midshelf (Figure 10 ). In general, velocities of alongshore 369 surface currents along the CP transect are smaller compared 370 to currents along the CH transect. Vertical distributions of 388 significantly higher C:N ratios were measured in POM from 389 surface samples compared to samples taken from deeper 390 depths (Figure 11 ) and compared to samples from the CH 391 transect (Figure 4b ).
392
[22] Beam attenuation coefficients along the CP transect 393 are also highly correlated with POC and PON (Figure 8 ), 394 suggesting that the observed particles are largely of organic 395 origin. High-resolution measurements of beam attenuation 396 coefficients show a surface layer ($10-15 m thick) of 397 elevated concentrations of particles that extends over the 398 bank (Figure 12) . Overall, concentrations of particles over 399 the bank are higher compared to concentrations of particles 400 over the northern shelf. A region of relatively elevated 401 concentrations of particles near the bottom is restricted to 402 the midshelf (Figure 12 ). 412 correlated with chlorophyll, suggesting that it is largely 413 marine-derived and associated with phytoplankton produc-414 tion. The relationship between the two, however, can vary 415 between locations (i.e., CH versus CP).
416
[24] Beam attenuation coefficients were highly correlated 417 with POC and PON, suggesting that the spatial and tempo-418 ral variability in optical properties observed in this study 419 was primarily due to the variability in the distributions of 420 organic particles. Beam attenuation by particles depends on 421 the concentration, size distribution, index of refraction, and 422 shape of the particles [Zaneveld, 1973] . Thus the relation-423 ship between POC (or PON) and beam attenuation found in 424 this study may vary with time and between locations within 425 the Oregon upwelling system and between the Oregon 426 upwelling system and other coastal environments. Small decreases with distance from shore . distributions has not been documented prior to this study.
472
The short-term variability we observed in POM is of the 473 same magnitude as the seasonal variability reported by Hill [27] A three-layer pattern in the vertical distributions of 483 chlorophyll, POC, and beam attenuation was often observed 484 during this study. This pattern consists of elevated concen-485 trations near the surface, a middepth layer of relatively 486 lower concentrations, and relatively elevated concentrations 487 near the bottom (i.e., the BNL). Such a distribution pattern 488 has been previously observed for beam attenuation and 489 POM over the Oregon shelf during spring and summer 490 [Pak and Zaneveld, 1977; Small et al., 1989] and in other 491 coastal environments [Azetsu-Scott and Johnson, 1994; 492 Gardner et al., 2001] . Previous observations, however, 493 described the BNL over the Oregon shelf as nonchloro-494 phyllus, high in biogenic silica, and almost always with C: 495 N ratios exceeding 10 [Small et al., 1989] . Our observations 496 clearly show the presence of nondegraded chlorophyll near 497 the bottom (5 m above the bottom) at the shallow inshore 498 station off CH (CH1, station depth 30 m). Elevated con-499 centrations of chlorophyll and POM in surface waters are 500 most likely the result of the response of phytoplankton to 501 upwelled nutrient-rich water. The presence of nondegraded, 502 chlorophyll-containing particles near the bottom at CH1 is 503 more surprising. We exclude resuspension of benthic algae , too low to support significant production of benthic 508 algae [Cahoon, 1999] ; second, friction velocities near region [Small et al., 1989; Wetz et al., 2004] . There was no tion processes to occur and significantly affect these ratios.
532
Future studies would require microscopic analysis of water 533 samples to examine the composition of the particles near the 534 bottom.
535
[28] One mechanism by which phytoplankton can quickly 536 reach the BNL is via subduction of surface water during 537 periods of wind reversal. The upwelling season off Oregon 538 is characterized by periods in which upwelling favorable 539 winds dominate, followed by periods of relaxation. During 540 relaxation, winds shift direction, and the mean surface 541 cross-shelf flow becomes shoreward. This can lead to the 542 accumulation of phytoplankton and other particles near the 543 shore and to subduction of the water containing the phyto-544 plankton and other particles to depth over the inner shelf. 545 During this study, downwelling favorable winds prevailed 546 on 22 and 23 May. Elevated concentrations of chlorophyll 547 and POC were observed on 24 May 2001 at the surface and 548 bottom of the inner shelf (Figure 4 ).
549
[29] Mass sedimentation of phytoplankton aggregates is 550 another mechanism by which chlorophyll is delivered to the 551 bottom before being degraded [Smetacek, 1985] . Sinking 552 velocities of diatom aggregates in the ocean may exceed 50 553 m d
À1 [Alldredge and Silver, 1988] . In shallow locations, 554 such as CH1, phytoplankton could potentially reach the 555 bottom in about 1 day. Rapid sinking is often associated 556 with depletion of nutrients. During this study, however, 557 surface water at CH1 and CH3 was always nutrient-replete.
558
[30] Off CP a three-layer pattern in beam attenuation was 559 also evident, especially over the midshelf. Unfortunately, 560 data on friction velocities along the CP line were not been 561 available to us at the time of preparing this manuscript. Low 562 concentrations of chlorophyll (<1 mg L
À1
) were present in 563 all the samples that were collected near the bottom. C:N 564 ratios of POM from surface samples were significantly 565 different from C:N ratios of POM collected near the bottom 566 (Figure 11 ). This information suggests a decoupling be-567 tween surface and bottom processes that affects distribu-568 tions and characteristics of POM. Differences in the 569 coupling/decoupling of surface and bottom processes be-570 tween CH and CP may be a result of the relative importance 571 of two-dimensional versus three-dimensional transport pro-572 cesses at each of these locations. Differences in the circu-573 lation between these two sites are discussed in section 4.3.
574
[31] The presence of relatively elevated concentrations of 575 POM near the bottom in the inner shelf has been repeatedly 576 observed in other inner shelf locations during this study and 577 during GLOBEC cruises (unpublished data, 1998 -2003) . 578 These observations suggest that bottom boundary currents 579 may be an important route of POM transport. During 580 upwelling, Ekman transport in the bottom is directed 581 onshore [Smith, 1995] and may result in accumulation of 582 material on the shelf rather than export. During downwel-583 ling favorable conditions the Ekman transport is directed 584 offshore near the bottom [Smith, 1995] and could result in 585 export of POM from the shelf. It is not yet possible, 586 however, to assess the role of transport in the bottom 587 boundary layer as so few measurements have been done 588 [Smith, 1995; Perlin et al., submitted manuscript, 2004] . It is 589 also unknown how efficient the benthic community is in 590 utilizing the POM that reaches the bottom and how much 591 remains available for export. Nevertheless, estimates of 592 export of primary production from upwelling regions must 593 consider transport of suspended material via bottom bound-594 ary layers, a process that is difficult to account for when 595 using sediment traps. 
